Before the late 1980s, when barrier systems were not common in experimental animal facilities, chronic respiratory diseases (CRD) were significant disorders in rodents. The cilia-associated respiratory (CAR) bacillus is an extracellular, Gram-stain-negative filamentous bacterium, discovered as one of the aetiological agents of CRD, and designated after its colonization site, the ciliated respiratory epithelium, by Ganaway et al. (1985) . 'CAR bacillus' was first described in rats (van Zwieten et al., 1980) , and thereafter reported in mice and rabbits (MacKenzie et al., 1981) , in cows (Hastie et al., 1993) and in pigs (Nietfeld et al., 1995) .
As it was difficult to culture these organisms by classical agar-using methods (MacKenzie et al., 1981; Ganaway et al., 1985; Itoh et al., 1987) , efforts to isolate them were by using embryonated chicken eggs by an allantoic route (Ganaway et al., 1985) and later by using mammalian cell culture/co-culture methods (Shoji et al., 1992; Schoeb et al., 1993; Cundiff et al., 1994) . Strains thereby isolated were CAR-NIH (Ganaway et al., 1985) , SMR (Matsushita, 1986) , CBR (Itoh et al., 1987) , CAR-StL and the X series (Schoeb et al., 1993) , and R series (Cundiff et al., 1994) from rats, CBM (Shoji et al., 1988 ) from mice, the B series (Cundiff et al., 1995) from rabbits, and PigCAR-1 and others (Nietfeld et al., 1999) from pigs. All of these isolates had characteristics of 'CAR bacillus' [colonization site in affected animals, Gram-stain-negative and argentophilic staining, filamentous morphology, gliding activity, induction of CRD when inoculated in isolated animal species, and a structure with three-outer-layers by electron microscopy (Fig. S1 , available in the online Supplementary Material)].
16S rRNA gene sequence analysis using a BLAST search revealed that 'CAR bacillus' rodent-isolate strains showed 99-100 % sequence similarities with each other, but 93 % similarities when tested against rabbit-isolates and pigisolates (Schoeb et al., 1993; Cundiff et al., 1994; Cundiff et al., 1995; Wei et al., 1995; Kawano et al., 2000) . In those reports, Flavobacterium ferrugineum (5Terrimonas ferruginea) DSM 30193 T , Flexibacter sancti (5Chitinophaga sancti) NBRC 15057 T , Microscilla furvescens (5Marinos-cillum furvescens) DSM 4134 T , Flexibacter polymorphus DSM 9678
T and Cytophaga fermentans (5Saccharicrinis fermentans) JCM 21142
T each belonged to the phylum Bacteroidetes, and were listed as the nearest type strains (showing 85-86 % sequence similarities to 'CAR bacillus' rodent-isolates).
Although the relations between rabbit-isolates and pigisolates of 'CAR bacillus' with rodent-isolates remained controversial (Schoeb et al., 1997) , the findings described above suggested that 'CAR bacillus' rodent-isolates consisted of a closely related novel group in the phylum Bacteroidetes. The present study was designed to determine the taxonomic status of 'CAR bacillus' rodent-isolates by using strain SMR-C T , originally isolated from rats as strain SMR. On the basis of the results presented here, we propose a novel family, Filobacteriaceae fam. nov., in the order Sphingobacteriales, and a novel genus and species, Filobacterium rodentium gen. nov., sp. nov., for strain SMR-C T .
Strain SMR-C T was originally isolated from a Wistar/MS rat colony showing CRD (Matsushita, 1986) and named as an SMR strain (Matsushita et al., 1987) . The SMR strain had been passaged by intranasal inoculation of the affected rat lung homogenates in BALB/c mice at the National Institute of Radiological Sciences, Chiba, Japan. Infected lungs were stored at 280 8C. In 2011, according to the report (Schoeb et al., 1993) , we succeeded in culturing the SMR strain in Vero E6 conditioned medium, and renamed the culturable strain SMR-C T . The conditioned medium was prepared by 0.22 mm filtration of 3-4 dayold culture supernatants of confluently grown Vero E6 cells cultivated by using Iscove's Modified Dulbecco's Medium (IMDM, Gibco 31980, Life Technologies) supplemented with 10 % (v/v) fetal bovine serum (FBS, Filtron). As SMR-C T easily attached and bound to the surface of cultureware as with other reported 'CAR bacillus' strains (Shoji et al., 1992; Schoeb et al., 1993) , we used ultralow attachment 75 cm 2 culture flasks (HydroCell, CellSeed) to keep SMR-C T proliferating in a planktonic state. All cell cultures and 'CAR bacillus' cultures described above were carried out in CO 2 /air (5:95, v/v) at 37 8C in a humidified chamber at a biosafety level 2 facility. No antibiotics were added to the culture. An inverted phase-contrast microscope (Axiovert 200; Zeiss) was used to monitor cellular and bacterial growth in the culture. Bacterial cell number counting was achieved under the phase-contrast microscope by using a disposable haemocytometer. Storage of SMR-C T was in culture medium at 280 8C. At the Japan Collection of Microorganisms (JCM), strain SMR-C T was stored at 4 8C after freeze-drying.
Physiological characteristics were examined by growing SMR-C T in Vero E6-conditioned medium under a variety of conditions, including temperatures of 4, 25, 37 and 45 8C, media at pH 6, 6.5, 7, 8.5, 9.5 and 10.5 at 37 8C, and media supplemented with 0, 2, 4, 5.5 and 9 % (w/v) NaCl at 37 8C. Biochemical reactions were determined with the Rapid ID 32A anaerobic identification kit (bioMérieux) in duplicate, according to the manufacturer's instructions.
Fatty acid methyl esters (FAMEs) were obtained, from about 40 mg wet weight of cells grown in the previously described medium at 37 8C for 7 days, by saponification, methylation and extraction with minor modifications (Kuykendall et al., 1988) of the method of Miller (1982) . Cellular fatty acid profiles were determined by the Sherlock Microbial Identification System (MIDI) version 2.99B with database BHIBLA (version 3.80). Peaks were automatically integrated, fatty acids were identified by equivalent chainlength, and percentages of the total peak area were calculated. External calibration was performed by using a MIDI calibration mixture 1 (FAMEs of straight-chain saturated fatty acids from nine to 20 carbons in length and five hydroxy acids).
Genomic DNA of SMR-C T was isolated according to the standard method described on the website of the RIKEN BioResource Center (http://dna.brc.riken.jp/en/manual_ genom_DNA.html). Full genome sequencing of SMR-C T was carried out and will be reported elsewhere. From the genome sequence data, G+C content was calculated by using MiGAP (www.migap.org; Sugawara et al., 2009 ).
The 16S rRNA gene sequence was deduced from the full genome data of SMR-C T by using MiGAP. The previously sequenced 16S rRNA gene of the SMR strain (Kawano et al., 2000) was also prepared for comparison (GenBank/ EMBL/DDBJ accession number LC036397). BLASTN analyses were carried out (blast.ncbi.nlm.nih.gov/blast.cgi, Altschul et al., 1997) . Highly identical sequences were selected, retrieved from GenBank/EMBL/DDBJ and used for phylogenetic analyses. The sequence data were aligned by the MUSCLE program built in the GENETYX-MAC program (version 16.0.9, Genetyx Corp., Tokyo, Japan). The aligned data were trimmed by manual inspection. The phylogenetic data were reconstructed by using the neighbourjoining method (Saitou & Nei, 1987) by the CLUSTAL W2 program (ftp.ebi.ac.uk/pub/software/clustalw2/2.0.12/ claustalw-2.0.12-macosx; Thompson et al., 1994) on GENETYX-MAC and the maximum-likelihood method by dna.app (PHYLIP version 3.695, evolution.genetics. washington.edu/PHYLIP.html; Felsenstein, 1989) . The processed data were then used to plot phylogenetic trees by Filobacterium rodentium gen. nov., sp. nov.
Genetyx-Tree version 2.1.0. Bootstrap resampling analysis (on GENETYX-MAC or on PHYLIP) was performed to estimate the confidence of the tree topologies.
Strain SMR-C T comprised microaerobic, non-sporeforming, motile (gliding), Gram-stain-negative, argentophilic, filamentous rods. Growing cells were easily observed under phase-contrast microscopy. The doubling time was 20-24 h, estimated by counting the cell numbers before and after culture. Growth occurred at 4-37 8C (optimum 37 8C), at pH 6-8 and with rodent-physiological salt concentration (no additional NaCl). Cells in conditioned medium on ultralow attachment cultureware were 0.8-0.968.3-10.0 mm in size and presented singly in the planktonic state. However, cells in conditioned medium on glassware adhered to the glass surface and divided in a concatenate and sometimes branched fashion to form a net-like structure. Furthermore, the cells grown formed multicellular aggregates in suspension or on the surface of the cultureware. Schoeb et al. (1993) described the aggregates formed on the surface of cultureware as a 'pin-cushion'. Just as the original strain SMR possessed no locomotive apparatus, such as flagella and/or pili, identifiable by scanning and transmission electron microscopy (Matsushita, 1986) , neither did strain SMR-C T have flagella or pili. However, the living cells showed gliding movement. Although the mechanism of this gliding movement of 'CAR bacillus' rodent-isolates was still unidentified (Medina et al., 1994) The fatty acid profile of strain SMR-C T (Table S1 ) was composed of iso-C 15 : 0 (41.0 %), anteiso-C 15 : 0 (25.8 %), C 16 : 0 (17.0 %), C 14 : 0 (10.3 %), iso-C 16 : 0 (4.4 %) and anteiso-C 17 : 0 (1.7 %). There were no unsaturated or hydroxylated fatty acids. The major fatty acids in SMR-C T showed a high proportion of iso-C 15 : 0 as do other genera of the family Chitinophagaceae with validly published names, but it was quite different with respect to the proportion of C 14 : 0 , anteiso-C 15 : 0 and C 16 : 0 . The major fatty acids of related type strains are listed in Table 1a & b for comparison.
The DNA G+C content of 'CAR bacillus' rodent-isolate strains were only reported in the R series of rat origin, and was 38.2¡3.1 mol% (Cundiff et al., 1994) , as determined by HPLC. In this study, we calculated the DNA G+C content of SMR-C T from its full genome sequences. The DNA G+C content of SMR-C T was 47.7 mol% and the nearest value to this among genera of the family Chitinophagaceae was that of Chitinophaga ginsengisoli (48.4 mol%, Table 1a ). However, DNA G+C contents of type strains of species of genera of Chitinophagaceae showed a wide range of values (40.7-51.9 mol%) and their other phenotypic characteristics were quite different from those of SMR-C T (Table 1a & b) . The discrepancy of G+C contents between SMR-C T and the R series is unclear at present and a reanalysis of the 'CAR bacillus' R series is required.
The 16S rRNA gene sequence of 1515 bp was deduced for SMR-C T from its full genome sequence. This sequence was different from 16S rRNA gene sequences of SMRs already reported (GenBank/EMBL/DDBJ accession number LC036397) at two positions (2-base replacements at 1493-1494 and 1510-1511). Hence 1491 bp of the consensus sequence fragments (positions 9-1514; Escherichia coli numbering system) were selected and used for the analyses below.
The 16S rRNA gene sequence of strain SMR-C T was, at first, compared with known sequences in the NCBI nucleotide database using a BLASTN search (Table S2 ). The closest sequences were observed in six 'CAR bacillus' rodent-isolates (99-100 %) and the second closest ones were noticed in five 'CAR bacillus' pig-and cow-isolates (87-88 %). Next, a search was carried out against type strains of bacteria (Table S3) T , all of which showed 86 % sequence similarity and were classified in the family Chitinophagaceae.
For the phylogenetic analysis of 16S rRNA gene sequences, 1466 bp sequence positions including gaps (positions 28-1490; Escherichia coli numbering system) obtained by MUSCLE multiple alignment were used. In the phylogenetic tree generated using the neighbour-joining method (Fig. 1) , strain SMR-C T did not cluster with any known genera of the family Chitinophagaceae. When strain SMR-C T was compared with other 'CAR bacillus' isolates, strain SMR-C T deeply nested within the 'CAR bacillus' rodent-isolate clade and did not cluster with cow-isolates, pig-isolates or rabbit-isolates of 'CAR bacillus' (Fig. S2) . In the tree reconstructed by the maximum-likelihood method using the same sequence dataset as for the neighbour-joining tree, strain SMR-C T was also grouped in a similar clade (Fig. S3) . These results suggest that strain SMR-C T represents a novel bacterial lineage.
On the basis of these findings, we propose a novel family, Filobacteriaceae fam. nov., in the order Sphingobacteriales and a novel genus and species, Filobacterium rodentium sp. nov., to accommodate strain SMR-C T .
Description of Filobacterium gen. nov.
Filobacterium (Fi.lo.bac.te'ri.um. L. n. filum a thread; Gr. dim. n. bakterion a small rod; N.L. neut. n. Filobacterium a thread-like rodlet).
Cells are microaerobic, non-spore-forming, motile without flagella, showing gliding activity. They are Gramstain-negative, argentophilic, filamentous bacillus. Cells do not grow by classical agar-using methods. Represents a Table 1a are available in the online supplementary material.
Filobacterium rodentium gen. nov., sp. nov. Filobacterium rodentium gen. nov., sp. nov.
arginine arylamidase, leucyl glycine arylamidase, phenylalanine arylamidase, leucine arylamidase, tyrosine arylamidase, alanine arylamidase, glycine arylamidase, histidine arylamidase, glutamyl glutamic acid arylamidase and serine arylamidase. All other tests (arginine dihydrolase, a-galactosidase, bgalactosidase, 6-phospho-b-galactosidase, a-glucosidase, b-glucosidase, a-arabinosidase, b-glucuronidase, glutamic acid decarboxylase, a-fucosidase, mannose fermentation, raffinose fermentation, nitrate reduction, indole production, proline arylamidase and pyroglutamic acid arylamidase) are negative. Both unsaturated and hydroxylated longchain fatty acids are absent. The major cellular fatty acids are C 14 : 0 , C 16 : 0 , iso-C 15 : 0 and anteiso-C 15 : 0 .
The type strain is SMR-C T (5JCM 19453 T 5DSM 100392 T ), isolated from a lung of a rat with chronic respiratory disease. The DNA G+C content of the type strain is 47.7 mol%.
Description of Filobacteriaceae fam. nov.
Filobacteriaceae (Fi.lo.bac.te.ri.a.ce'ae. N.L. neut. n. Filobacterium type genus of the family; suff. -aceae ending to denote a family; N.L. fem. pl. n. Filobacteriaceae the family of the genus Filobacterium).
The description is the same as for the genus Filobacterium.
The type genus is Filobacterium.
